ABSTRACT PURPOSE: To determine the mean angle kappa and its determinants in the population of Tehran, Iran.
RESULTS:
After applying exclusion criteria, 800 eyes (399 right eyes and 401 left eyes) were examined. Mean participant age was 40.6Ϯ16.8 years (range: 14 to 81 years), and 38.8% of eyes were from men. Mean angle kappa was 5.46Ϯ1.33° in total; 5.41Ϯ1.32° in men and 5.49Ϯ1.34° in women (P=.558). It decreased signifi cantly with age; 0.015°/year (PϽ.001). In individuals with myopia, emmetropia, and hypermetropia, the mean value was 5.13Ϯ1.50°, 5.72Ϯ1.10°, and 5.52Ϯ1.19°, respectively (P=.025); the post-hoc test indicated this was due to the difference between emmetropes and myopes.
CONCLUSIONS: According to our results, angle kappa reduces with age, and the inter-gender difference is not signifi cant. Largest angle kappas were seen among individuals with emmetropia. Angle kappas were larger in the hypermetropic population compared to the myopic population. A ngle kappa is the angle between the visual axis and the pupillary axis of the eye, and can be classifi ed as positive (nasal light refl ex) or negative (temporal light refl ex). The visual axis is defi ned as the line connecting the fi xation point with the fovea; the papillary axis is the line that perpendicularly passes through the center of the entrance pupil and the center of curvature of the anterior surface of the cornea. Angle kappa Ͼ5.0° (by synoptophore) is usually seen in patients with pseudostrabismus. Angle kappa is commonly measured in cases of strabismus and plays an important role in a patient's preoperative assessment. Studies have demonstrated angle kappa measurements in different types of strabismus. 1 found signifi cantly larger angles among patients with exotropia compared to those with esotropia and the control group. Angle kappa is also important in refractive surgery and centration of the ablation zone. [3] [4] [5] [6] In cases with a large angle kappa, there is a greater chance of a decentered ablation due to the increased distance between the pupillary light refl ex and corneal light refl ex. A decentered ablation may lead to complications such as decreased safety and increased likelihood of irregular astigmatism.
Considering angle kappa to avoid such complications is especially important in cases of hyperopic laser keratorefrac-Angle Kappa Measurements in the Tehran Population/Hashemi et al tive surgery. 4 In another report by Basmak et al, 7 angle kappa measured with Orbscan II and a synoptophore was smallest among myopes and largest among hyperopes. The few studies on angle kappa have mostly been done using synoptophore readings. [2] [3] [4] [5] The Orbscan II topography system (Bausch & Lomb Surgical, Salt Lake City, Utah) is commonly used, especially in preoperative screening for keratorefractive surgery, and although it is also capable of generating the angle size of examined eyes, angle kappa studies using Orbscan II are rare. Knowledge of Orbscan II angle kappa measurements and the distribution in the general population would enable the practitioner to make more accurate interpretations of angle kappa readings. This report concerns part of the Tehran Eye Study (TES) in which Orbscan angle kappa measurements are presented in a normal population in Tehran, Iran.
PATIENTS AND METHODS
The TES is a population-based, cross-sectional survey that was conducted in 2002; its detailed methodology has been published elsewhere. 8 In the TES, sampling was based on a stratifi ed cluster approach proportionate to the population of each district. The target population was Tehran citizens over 1 year of age in 2002. The city was stratifi ed according to districts, and the number of clusters was proportionate to the number of households in each district. The total number of randomly selected clusters was 160. In each cluster, the interviewer approached the fi rst selected household in the cluster to introduce himself and the project, and invite all members of the household older than 1 year to a complete ophthalmic examination. This was repeated until 10 households in each cluster were systematically approached in a clockwise direction.
Ophthalmic examinations included tests of corrected and uncorrected visual acuity, manifest and cycloplegic refraction, intraocular pressure, slit-lamp microscopy, and retinoscopy. Participants' spectacles were checked with a lensometer. In addition, an interview was performed to collect information regarding demographics, history of eye disease or trauma, diabetes, hypertension, and previous eye examinations.
After the initial interview, Orbscan II data acquisitions were done for those who resided in the fi rst four districts and were aged Ͼ14 years. Orbscan was performed by one of the experienced authors (K.Y.) between 9:00 AM and 7:00 PM prior to other examinations according to the manufacturer's instructions. One acquisition was done per eye, unless the results were unacceptable and the examination needed to be repeated. During the examination, participants were asked to place their chin on the chin rest, place their forehead against the strap, and fi x their sight on the blinking red light. The examiner used the joystick to make adjustments and bring the eye image to a sharp focus and align the half slits. Exclusion criteria included inability to complete the examination for any reason, history of ocular surgery for refractive errors, cataract or glaucoma, and use of topical medication or contact lenses at the time of the study.
Corneal thickness was defi ned as the central corneal thickness displayed by the Orbscan, and the anterior chamber depth was measured from the corneal endo- Figure 1 . Orbscan quad map. Clockwise from top left, the four maps represent the anterior elevation, posterior elevation, thickness, and axial power. The kappa intercept location is demonstrated with a "k" sign on the maps and the bottom two rows in the middle data box refer to the angle kappa; polar coordinates and Cartesian coordinates of the angle intercept, respectively. The pupil margin is outlined in white. The other overlays include a white spot for the pupil center; a white square for the center of the system; a red, yellow filled circle for the thinnest point of the cornea; and a white cross for the fixation line intersection.
Angle Kappa Measurements in the Tehran Population/Hashemi et al thelium. Data on pupil diameter, horizontal white-towhite corneal diameter, and angle kappa were collected from the middle data boxes of the Orbscan quad map (Fig 1) .
The six age groups were 14 to 19 years, 20 to 29 years, 30 to 39 years, 40 to 49 years, 50 to 59 years, and у60 years. Refractive error values were derived from cycloplegic tests, with myopia defi ned as a spherical equivalent refraction of рϪ0.50 diopters (D) and hyperopia defi ned as a spherical equivalent refraction of уϩ0.50 D. For further analysis, myopia was graded as mild (ϽϪ0.50 to рϪ3.00 D), moderate (ϾϪ3.00 to рϪ6.00 D), and severe (ϾϪ6.00 D), and hyperopia was graded as mild (уϩ0.50 to рϩ2.00 D), moderate (Ͼϩ2.00 to рϩ4.00 D), and severe (Ͼϩ4.00 D).
Considering the high correlation between the right and left eyes, results of the right eyes only are presented. Results are presented as the mean and 95% confi dence interval (CI) of the angle kappa measurement by age and gender. Simple and multiple linear regression were used to detect correlations, and the coeffi cients are presented with 95% CI.
The Research and Ethics Committee of Noor Ophthalmology Research Center and the Ethics Committee of the National Research Center for Medical Sciences approved the study. All participants in this study were informed about the project and the procedures in their native language before being enrolled. The participants' agreement for examination was obtained verbally.
RESULTS
After sample selection, the excluded samples included 16 individuals for lack of cooperation, 3 for previous cataract surgery, 2 because of previous glaucoma surgery, 4 for using contact lenses, 3 for using eye drops, and another 4 due to unwillingness. After applying the exclusion criteria, Orbscan II acquisition was performed on 800 eyes (399 right eyes and 401 left eyes) of 410 of the 442 people enumerated in the fi rst 4 municipality districts. Mean age of the studied population was 40.6Ϯ16.8 years (range: 14 to 81 years); 38.8% (n=155 eyes) were men.
Mean angle kappa was 5.46Ϯ1.33° (95% CI, 5.31-5.62). The 25th, 50th, 75th, and 95th percentiles were 4.67°, 5.50°, 6.23°, and 7.65°, respectively. The Kolmogorov-Smirnov test showed that the distribution of angle kappa measurements in this population was not signifi cantly different from the normal distribution (P=.762). Figure 2 demonstrates the distribution of this variable in the population of Tehran. Table 1 presents angle kappa by age and gender. The measurements are given in degrees and millimeters. The inter-gender differences in angle kappa were not statistically signifi cant (P=.558). In different age groups, however, mean angle kappa was 5.80° in the 14-to 19-year age group and signifi cantly decreased with age until it reached 4.95° in the у60-year age group (PϽ.001). Linear regression test indicated a 0.015° decrease in angle kappa per year of age ( Table 2 ). The angle kappa intercept was in the superotemporal quadrant in 9.8% (n=39), the inferotemporal quadrant in 89.7% (n=358), and the inferonasal quadrant in 0.5% (n=2) of cases.
Mean angle kappa was 5.13Ϯ1.50°, 5.72Ϯ1.10°, and 5.52Ϯ1.19° in individuals with myopia, emmetropia, and hypermetropia, respectively, and differences among them were statistically signifi cant (P=.025). The post-hoc test indicated that only the difference between myopes and emmetropes was signifi cant. Table 3 summarizes the angle kappa measurements by refractive status in the studied population.
DISCUSSION
In addition to its role in the diagnosis of false strabismus (pseudostrabismus), quantifying the angle kappa is an important part in any refractive error correction especially in refractive surgery because a compensating procedure is not available after corneal ablation, therefore, preoperative examinations for refractive surgery are essential. 6, 9, 10 To ensure surgical success in ametropic patients who have larger angle kappas, 1,11 surgeons need to take the angle measure into consideration when preparing for surgery. In refractive surgery, ablation centration depends greatly on the preoperative value of the angle kappa. 3, 12 Reports indicate that knowledge of this measurement is essential especially in hyperopic cases undergoing laser refractive surgery. 2, 7, 13 In this study, which concerns part of the Tehran 
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Eye Study, we presented angle kappa measurement obtained with the Orbscan II in the Tehran population and its correlation with some variables. The fi rst thing we must note is that the angle kappa is commonly measured using a synoptophore, and its measurements in laser refractive surgery populations have been presented in some reports. 7 Today, the angle can also be measured with other devices such as the Orbscan, which is used in the preoperative assessment for keratorefractive surgery. The advantage of the system is that multiple examinations such as pachymetry, topography, and angle kappa assessment can be done simultaneously; however, practitioners need to familiarize themselves with angle kappa measurements obtained with the Orbscan II.
Studies on angle kappa measurements obtained using the Orbscan II are rare, as most studies use synoptophore measurements. These two techniques follow different methods, and thus comparison of results should be done with caution. Basmak et al 7 compared angle kappa measurements obtained using a synoptophore with those by Orbscan II in a population of 300 normal individuals and found a high correlation between these measurements (r=0.932). Nonetheless, the measurements with the Orbscan II were signifi cantly larger than with the synoptophore, therefore, knowledge of the measurement device is necessary when interpreting results.
The average angle kappa in our study was 5.46°. The report by Basmak et al 7 does not state the average in the total population; however, the average angle size and the number of individuals in each refractive group Angle Kappa Measurements in the Tehran Population/Hashemi et al (myopia, emmetropia, and hyperopia) indicated an average value of 5.22°, which is relatively smaller than our fi nding for the total population. This small difference can be partly attributed to different age groups in the two studies. The age range in our study was 14 to 81 years whereas the participants in the study by Basmak et al 7 were aged between 20 and 40 years. Using the corneal refl ex, Loper 5 reported an average angle kappa measurement of approximately 1.4°. In the study by Basmak et al, 7 synoptophore measurements of the angle kappa yielded an average of 2.35° in esotropes, and 3.83° and 2.77° in exotropes and the control group, respectively.
The mean angle kappa among individuals with myopia, emmetropia, and hyperopia in our study was 5.13Ϯ1.50°, 5.72Ϯ1.10°, and 5.52Ϯ1.19°, respectively; there was a signifi cant correlation between the refractive status and angle kappa measurement, and this is confi rmed by other studies. 7, 14 These reports indicate larger angle measurements among hyperopic patients, 5, 7, 13 whereas contrary to previous reports, the emmetropic population of Tehran contributed most to this difference. In the study by Basmak et al, 7 these values as measured with the Orbscan II were 4.51°, 5.55°, and 5.65°, respectively. Qazi et al 14 reported average preoperative angle kappa measurements by Orbscan of 5.0° and 6.9° in myopes and hypermetropes with a mean spherical equivalent refraction of 3.50 D. To 14 we computed the mean angle kappa measurements in similar refractive sub-samples and found differences between hyperopic groups of these two studies. The average angle kappa in our study was 4.66° in myopes with Ϫ3.00 to Ϫ6.00 D of refractive error, and 5.45° in hyperopes with 2.00 to 4.00 D of refractive error. Overall, the average angle kappa was larger in emmetropes compared to hypermetropes, yet, in agreement with other studies, 6, 7, 14, 15 the average angle size in hyperopes was larger than that in myopes.
In clinical practice, spectacles are prescribed based on the pupil center, which depending on the angle kappa value, can decenter the lens relative to the visual axis. The prismatic effect is calculated with Prentice's rule. For example, a ϩ6.00-D hyperopic patient with an angle kappa of 1.0 mm, the prismatic effect is: ␦ = 0.1 ϫ 6.0 = 0.6 prism diopter. 16 In the presence of compensating mechanisms such as active convergence and divergence, this prismatic effect can be negligible. However, in corneal laser refractive surgery, the central zone is usually between 3.5 and 6.0 mm, and in hyperopic cases with a smaller dioptric area of steepening, even small decentrations can have signifi cant impacts. In the presence of a larger angle kappa, the visual axis may pass the slope area instead of the steep area of the central zone. 13 Considering the defi nition of angle kappa, the measurement could depend on biometric, geometric, and optic features of the cornea, globe, retina, crystalline lens, and anterior chamber depth. This can be explained by the fact that the power of the cornea is a measure of its thickness and curvature, and the curvature and radius of a given lens have certain dimensions. Therefore, associations among the corneal diameter and curvature, as well as the refractive status and angle kappa, can be expected. 17, 18 Depending on the corneal power, anterior chamber depth, and nodal points, we can expect the optic axis and the entrance and exit pupils to have certain locations. 17 On the other hand, the visual axis is also dependent on the geometric and anatomic features of the fovea, nodal points, and the entrance pupil. Therefore, it seems that certain associations exist when there are changes in the angle kappa, and geometric, optic, and biometric features of the eye. 17, 18 Some of our observed correlations between the angle kappa and ocular measures such as the anterior chamber depth can be explained through these associations; however, a deeper understanding warrants further investigation.
According to our results, angle kappa reduces with age, and the inter-gender difference is not signifi cant. Larger angle kappas were seen among emmetropes.
Angle kappas were larger in the hyperopic population compared to the myopic population. 
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